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Abstract 
FLSmidth pioneered Deep Cone Thickening technology in the global Minerals Industry, after early development by the UK Coal 
Board and adaptation by Alcan in the Alumina flowsheet.  As one of the world's leading Mineral Processing equipment suppliers, 
with particular strengths in solid-liquid separation, FLSmidth were able to adapt the technology to a wide range of uses.  FLS 
pioneered the use of Deep Cone Thickening for applications such as; Mine Backfill, Sub-aqueous Tailings Disposal, CCD circuits, 
Filter Feed, Cement Kiln Feed, Reactor Feed, and In-Pit Tailings Disposal, as well as using the technology to gain global acceptance 
of the innovative "Thickened Tailings Discharge" (TTD), a "best practice" technology for the mining industry. 
The paper will briefly cover the core principals of flocculation and thickening of mineral slurries, before detailing the unique 
aspects of the Eimco Deep Cone Thickener and the current and potential applications of the technology. Particular focus will be 
given to the recent installations at OCP's JFC V in Jorf Lasfar where  Deep Cone Thickeners are used to thicken the feed to the 
acid attack tanks, reducing water and acid consumption. 
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1. Introduction 
Maximizing thickener underflow density has advantages in many of the traditional thickener applications.  There 
is a long history of innovations in thickener design to enable the production of higher densities.  Large High Density 
thickeners were pioneered in the late 1980’s.  The roots of the FLSmidth Deep Cone thickeners go back to the 1960’s.  
Over the last two decades significant advances in the design of thickeners has enabled production of higher densities 
than was traditionally possible.  This started with smaller tonnage machines but now extends to all production sizes. 
The technology has significant benefits and has been proven in applications such as leach feed, CCD circuits, 
underground backfill, filter feed, and tailings disposal. 
OCP has recently used this technology extensively in order to thicken the pulp of phosphate concentrate coming 
from the pipe line (transportation from the Mine to the chemical fertilizer complex) to the leaching tank where the 
phosphate is transformed into phosphoric acid . 
In relation to thickener performance, underflow rheology is typically discussed in terms of its yield stress.  At low 
solids concentrations slurries behave as essentially Newtonian fluids.  However at a high enough concentration, the 
particle interactions increase to a point where the slurry exhibits a resistance to deformation.  The energy to overcome 
the resistance to deformation is call the Yield Stress.  The yield stress is a function of the solids concentration and 
typically increases rapidly as the solids concentration approaches that of a fully connected matrix.  This is a fairly 
`complex subject, but it should be noted that most mineral slurries that are concentrated enough to exhibit a yield stress 
are also subject to a phenomena called shear thinning, where imparting some energy into the slurry reduces the yield 
stress.  It is typical for a sheared yield stress to be 40% or more lower than the corresponding unsheared yield stress 
taken at the same solids concentration. The material inside a thickener is generally unsheared and the thickener design 
needs to be capable of handling and transporting this material internally. Some thickener manufacturers have designs 
to take advantage of this phenomena. 
2. Development of Thickening Technology 
Thickeners were invented in the early 1900’s though batch settling tanks go back much further. John Dorr patented 
the continuous thickener in 1906, which included a circular tank and a set of rakes.  Starches and guar were used as 
coagulants to agglomerate the solids and improve settling rate and overflow clarity.  In the 1960’s, starches and guar 
were supplanted by synthetic flocculants which were dramatically more effective.  The use of flocculants is now 
standard on most thickeners with the exception of processes that can’t tolerate contamination.  The use of flocculants 
brought out the need for feed dilution to optimize the effect. Developments in thickening technology over the past 20 
years have enabled significantly higher underflow densities to be consistently produced.  This technology started as 
an extension of high rate thickening, utilizing a deeper mud bed to augment the thickening capacity.  High density or 
high compression thickeners (HDT) usually add depth to a high rate design to aid in increasing the underflow density.  
Deeper mud beds increase the mud compressive force, reducing the time required for thickening and increasing the 
underflow density.  There are a number of modifications necessary to be able to produce and handle the higher 
viscosity materials, including significantly higher torque capacity than high rate machines, low drag rake arms, 
pickets, higher raking capacity, and improved underflow discharge.   
Deep cone thickeners (DCT) are a newer alternative which are designed around production of high viscosity muds.  
They utilize very deep mud beds and steep floors to be able to produce and discharge muds near the limit of 
pumpability and operate at very high rates in terms of thickener area. Currently these designs are being built up to 
about 45 m diameter although, as is typical in the minerals industry, larger machines are on the drawing board.   
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Fig 1. Typical Deep Cone Thickener 
3. Principles 
The production of a thickener underflow of a maximum density can be achieved with practically any gravity 
sedimentation device, given enough area, settling time, and raking capability.  The differences noted with the DCT 
are in the design details which are directed towards achieving this limiting concentration at a very high loading in 
terms of solids throughput per unit area.  Six factors enter into this picture: 
x The optimization of flocculation procedures, 
x Relatively deep pulp depth, 
x Relatively steep floor slope, 
x High torque and raking capacity of the mechanism; torque requirements are a function of the yield stress, 
x The use of mechanical devices, such as rakes and pickets, to "work" the compacting slurry, 
x Sufficient mud detention time. 
 
Good flocculation is a key to the successful operation of almost any thickener and careful attention needs to be 
paid to this aspect of the thickener design.  Optimum flocculation requires selecting the best reagent for the particular 
tailings and the introduction of the reagent at an optimum slurry concentration in order to promote better flocculation.  
Generally, this concentration is lower than the normal process concentration and dilution of the slurry will be necessary 
for minimum flocculant use and maximum solids settling rate.  There are several designs for self-diluting feedwells, 
where the liquor within the thickener is recycled to the feedwell to optimize the flocculation step.  The self-diluting 
feedwell design is frequently the single most critical aspect of the thickener in terms of improved performance.  
Considerable work is being done to optimize these designs, typically involving computational fluid dynamics 
modelling.    
In the case of HDTs and DCTs, the sizing procedures generally must take into account the volume of thick pulp 
within the thickener, as a substantially longer than normal retention time is necessary for the solids to obtain high 
concentrations.  It is generally more economical to provide this volume by using a relatively deep bed of pulp rather 
than a greater area with a shallow compaction bed.  This increase in depth also provides bed compression, where the 
weight of solids above helps compress and dewater the mud to higher concentrations.   
The added depth results in greater loads being imposed on the raking mechanism, particularly since the thick mud 
will be found even at the perimeter of the thickener.  This results in a substantial increase in load on the drive and it 
is necessary to use as much as an order of magnitude more torque for the drive mechanism as would be used on a 
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similarly sized thickener producing a low yield stress underflow concentration.  In addition, the design criteria for the 
drive is significantly different from normal minerals duty.  The torque will be consistently high, but will not be subject 
to as many peaks.  Due to the high pulp depth, there is not much to be gained by including a rake lifting mechanism, 
since the pulp depth is typically much higher than the rake lift height.   
As the thickened mud approaches a limiting concentration, it behaves less and less like a fluid, and has little 
tendency to flow to the underflow withdrawal point.  Therefore, steep floors of 30 to 60 degrees and rakes designed 
to overcome the yield stress of the mud are used to transport the thickened mud to the outlet. By contrast, standard 
thickener design calls for a floor slope of something less than 10 degrees. 
When the pulp reaches the compression zone, mechanical action, such as by the raking mechanism itself, 
contributes to the rate of water removal from the compacting mass.  Since DCTs operate with pulp depths which 
generally extend well above the rake structure, the mass of material located in the zone is not exposed to a similar 
mechanical action.  Therefore, it is helpful to add pickets, usually consisting of posts or rods which project into this 
mass, in order to create channels and assist in water removal.  The use of low drag designs is important to minimize 
the torque required. 
Underflow recycle is used on many DCTs to shear-thin the underflow.  The thinned underflow (reduced yield 
stress) is reinjected into the underflow cylinder to aid in removing unthinned mud.  The thinned mud acts as a carrier 
fluid and helps eliminate problems between the underflow cylinder and the centrifugal pumps. 
4. Applications 
A number of new mineral plants are utilizing high density tailings thickeners.  These improve water recovery and 
minimize tailings impoundment requirements.  High density thickeners can typically achieve 5 – 10 wt% higher 
underflow densities compared with a high rate thickener, achieving densities that can still be moved with centrifugal 
pumps and pumped to the tailings impoundment without positive displacement pumps.  This increase in underflow 
density helps minimize water consumption, particularly if the density is high enough to minimize free water discharge 
(Vietti et al., 2010). High density and deep cone thickener technology is having a significant impact on plant design 
and operation. 
 
 
Fig 2 : DCT thickeners for minerals tailings prior to surface disposal in a down valley discharge system . 
High density and deep cone thickener technology has found numerous applications in CCD circuits where it has 
improved global efficiency allowing a reduction in the number of stages required and reduce the required diameter 
per unit. 
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Fig 3 : DCT Thickeners   in CCD Alumina Red Mud Washing Circuits 
 
Deep cone thickeners have also found application in thickening prior to a leaching tank, this application has been 
used by OCP in Jorf  Lasfar operations.  The pulp which consists of a ground phosphate concentrate transported in a 
pipe line arrived to the Jorf Lasfar chemical complex where it is stored and distributed to the various chemical units; in 
JFC V unit the pulp arrives at a concentration of approximately 50% solids in weight. A Deep cone thickener of 20 m is 
used to thicken the pulp to  above 63 % solids in weight before feeding the reactor tank where it is dissolved by sulfuric 
acid. 
Use of Deep Cone Thickener has allowed an optimization of Sulfuric acid consumption during the leaching process 
and allows a better attack reaction by using a pulp more thickened than before.  
 
 
Fig 4 : DCT Thickener used in JFC V – OCP Morocco to thicken pulp prior to attack by sulfuric acid 
Conclusions 
Thickening to higher underflow densities using High Density and Deep Cone thickening technologies is rapidly 
becoming widespread practice.  A substantial increase in density is being achieved in a variety of plants across a range 
of industries and applications.     
Engineers, operators, plants and companies cannot afford to miss the opportunities afforded by high density and 
deep cone thickeners.  Reduced capital and operating costs, improved recoveries, and reduced environmental impact 
have made these technologies a permanent part of the plant design toolbox.  
Recent examples of new application of the technology in Fertilizer industry in OCP Morocco illustrate the vast 
potential of opportunities. 
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